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ABSTRACT

This paper presents a comprehensive laboratory study that examines the effects of porosity, water content, density and
grain size distribution on the thermal conductivity of soils which were sampled from 16 synoptic stations of Korea. The
experimental results clearly demonstrate that porosity and water content are important parameters which strongly affect the
therma conductivity of soils. Soils with lower porosities and higher water contents have higher thermal conductivities. On
the contrary, increase of the matrix density dightly increases the thermal conductivity, and grain size distribution hardly
affects the therma conductivity. Dry soils with the same porosity tend to have more scattered values of thermal
conductivity than wet soils. Based on the experimental results, a multiple linear regresson model and a nonlinear
regresson model, having two regression variables of porosity and water content, were presented to predict thermal
conductivity. Both models show a high accuracy of prediction with R? values of 0.74 and 0.82, respectively. Thus, it is
expected that the suggested empirical models can be used for predicting therma conductivity of soils by measuring
porosity and water content.
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Fig. 1. Location map of 16 KMA stations for soil samples.
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Table 1. Vdues of the regression parameters for various soils (Singh and Devid, 2000)

Sail type ¢ (dry) d () e ()
Clays 0.0219 0.0243 (2< 0<4) 0.0276 (4< 6<5) -0.073 (5<)
Silts 0.0254 (2<6<4) 0.0302 (4<6<5) -0.054 (5<)
Silty-sand 0.0385 0.012 (1<)
Fine-sand 0.0340 0.070 (1<)
Coarse-sand 0.0480 0.073 (1<)

2.0 . 0.8 0.6 -
| {8y =00 141 line ®) © £°

o L5 04 03

2 10 E 0.0 E 0.0

2 £

£ os 0.4 0.3

0.0 55 2 : i - : = § -0.8 — 3 L . 06 — /;fj
0.0 0.5 1.0 1.5 2.0 0.0 05 1.0 1.5 4 2 0 2 4
TC by experiment (W/mK) TC by model (W/mK) Normal quantiles

Fig. 11. Results of the nonlinear regresson analysis based on water content and dry dendity: () comparison of measured and predicted
thermal conductivities, (b) residua plot of predicted thermal conductivity, and (c) normal quantile of calculated residuds.
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Fig. 12. Results of the nonlinear regresson analysis based on water content and porosity: (a) comparison of measured and predicted
thermal conductivities, (b) residua plot of predicted thermal conductivity, and (c) norma quantile of calculated residuals.
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